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INTRODUCTION
The surface of the ocean is a good approximation to the marine geoid, a gravitational equipotential surface defined by mean sea level. If the western boundary currents and near-shore areas are ignored, time-varying deviations of sea surface height from the geoid, caused by currents, storms, or mesoscale eddies, are typically less than 50 cm [e.g., Wunsch and Gaposchkin, 1980]. Since geoid anomalies decrease slowly with distance r from a mass anomaly (proportional to r-l), the shape of the geoid reflects the distribution of a relatively deep-seated mass within the earth. The vertical gradient of the potential, the gravitational field, decreases more rapidly (proportional to r -2) and hence is more sensitive to shallow mass anomalies. Nevertheless, a major contribution to the marine geoid is made by topographic anomalies in the very shallow rockwater interface at the base of the ocean, since this surface represents a large density contrast. Consequently, there is a strong correlation between the shape of the geoid and ocean bottom topography (bathymetry). NASA's SEASAT satellite acquired high-precision altimeter data with near-global coverage, providing new, detailed geoid information. A mission overview is given by Born et al. [1979] . The SEASAT orbit is known to a good approximation; in any case, orbital tracks respond only to wavelength components of the gravitational field longer than 0148-0227/83/002B. 1446505.00 radiation pressure, are also long-wavelength effects. Thus variations in satellite height above the ocean surface are a good measure of short-and medium-wavelength geoid variation. in principle, it is possible to use the bathymetry-geoid correlation to predict bathymetry from satellite altimeter data. That such a predictive tool might be useful is apparent by inspection of existing bathymetric charts, especially in the South Pacific where ship crossings are rare. Large areas are known to no better than 100-km resolution; hence many first-order features such as seamount chains, fracture zones, plateaus, and basins may be undetected at present.
In addition to predicting bathymetry in unsurveyed areas, the altimeter data allow geophysical modeling in areas where bathymetry is well known. The observed geoid response to topography contains information about the compensation mechanism as well as the relative densities of the loads (e.g., seamounts) and underlying mantle. Since the latter two parameters are reasonably well known, details of the compensation mechanism can be investigated.
This paper describes a feasibility study of a predictive bathymetry technique using SEASAT altimeter data. A test area in the Musician Seamounts province north of Hawaii was used (Figure 1 ). Since this region occurs near the central part of the mid-latitude anticyclonic gyre, surface currents are not strong. In addition, high-quality bathymetric data are available. As we shall show, the observed geoid response for a given bathymetric anomaly in this region is probably near a minimum for oceanic crust. Consequently, the area represents a severe test for bathymetric prediction.
PREVIOUS WORK
A number of studies in the ocean basins have indicated that the gravitational field or geoid are correlated with bathymetry at short to medium wavelengths (30-300 km [Talwani et al., 1972; McKenzie and Bowin, 1976; Watts, 1978 Watts, , 1979 McNutt, 1979] ). Time series analysis on the two correlated data sets, involving computation of a linear response function, allows a quantitative description of this relation [Dorman and Lewis, 1970] . A filter f is constructed which, when convolved with bathymetry b, produces a series resembling gravity or geoid data g. In the wave number domain this is described by The altimeter values used were obtained from the standard SEASAT geophysical data record [Brown et al., 1979] . They represent sea height with respect to the reference ellipsoid [Moritz, 1979] For comparison, the original (but aletrended) bathymetry is also shown, along with the residuals (observed minus predicted). Figure 5 shows the dependance of the response function on density of topography (p•) and depth to the Mohorovicic discontinuity (Z2). Figure 6 shows the sensitivity of the bathymetric prediction to variation in three critical parameters in equation (3), namely D, •, and Z2. Figures 5 and 6 , it is apparent that the bathymetry prediction is sensitive to the choice of Z2 only at long wavelengths. This type of spectral dependence is expected for regional compensation. The compensating mass will have larger lateral dimensions than the topographic load and so will only influence the response function and the bathymetfic prediction at long wavelengths. The prediction exhibits moderate sensitivity to •. While Z2 is a long-wavelength effect, the spectral influence of • persists at short wavelengths, i.e., seamount dimensions.
By inspection of

The predicted height of seamounts varies by approximately ñ500 rn for a geologically reasonable range of densities.
The prediction is strongly influenced by the choice of D, the effective flexural rigidity, i.e., D at the time of loading. This is due to the high sensitivity of the response function at medium wavelengths to the value of D (Figure 3) . In the absence of age information on the Musician Seamounts, this parameter could only be constrained between 5 x 102o N m (D for new lithosphere) and 2 x 10 23 N m (D for mid- rev 812 (northwest of Scadotti Seamount). In general, this is not a severe problem in the data sets shown because the topography is somewhat lineated, at least at longer wavelengths, and the chosen satellite tracks are approximately perpendicular to this trend. It, nevertheless, causes the major uncertainty in the predictive filter for bathymetry.
Cretaceous seafloor). Figure 6 indicates that variation of D between 102• N m and !023 N m results
By inspection of Figures 1 and 4 , it is apparent that the largest residuals in the bathymetric prediction are also due solely to off-track feature location. Since a positive geoid anomaly is recorded in the altimeter data with little or no corresponding bathymetric an9maly for satellite passes adjacent to a seamount, the predicted bathymetry will be positive, causing a large positive residual. In rev 812 (Figures 1   and 4b Figure 4b at Beethoven and Bach Ridge bracket high-amplitude, short-wavelength residuals (both positive and negative) and are located at positions of zero residual. These large residuals are due to significant bathymetric anomalies immediately adjacent to the satellite track, which cause the predicted peak to be out of phase with the observed peak. The vertical lines marking the seamount immediately NW of Scarlotti only bracket a positive residual, since adjacent bathymetry is perpendicular to track and the prediction is in phase. east, while a large unnamed seamount is located northwest (Figure 1) . Consequently, the local peaks in the geoid and bathymetry do not coincide, and a large positive bathymetric feature is predicted northwest of the recorded one-dimensional bathymetric high associated with the west flank of Verdi. The rev. 812 prediction (Figure 4b ) also has large residuals (both positive and negative) due to off-track mass anomalies that are not perpendicular to the local bathymetric anomaly. The satellite track crosses Bach and Beethoven ridges nearly perpendicular to their regional trend, but at a location where major bends in these ridges occur (Figure 1) . In the case of Beethoven Ridge, the topographic high is displaced southward in that portion of the local ridge, which is east of the satellite track. The positive geoid anomaly associated with this feature is therefore located southeast of the recorded subsatellite bathymetric peak. Consequently, the predicted bathymetric peak is southeast of the actual subsatellite peak, and the corresponding residual is first positive, then negative (Figure 4b) . The reverse situation occurs over Bach Ridge, where the local geoid high is displaced several kilometers northwest of the recorded bathymetric high.
When the satellite track passes near the center of a seamount, the predicted bathymetric height will be less than the actual height, causing a negative residual. This is also a consequence of the one-dimensional approximation, since the actual conical seamount has mass deficiencies to both right and left of the satellite track relative to the assumed infinite two-dimensional ridge. Thus the observed positive geoid anomaly is less than expected, and the corresponding Residuals in the predicted bathymetry which are not due to off-track feature location are almost invariably less than 500 m. The magnitude of such residuals indicates the degree ofnonstationarity of the response function, while the sign of the residual suggests the origin of the nonstationary process. For example, if a particular seamount was characterized by local compensation, or regional compensation with low effective D, it would cause a smaller positive geoid anomaly relative to a regionally compensated seamount with high effective D. If the predictive filter for bathymetry assumes regional compensation with high effective D, then the predicted bathymetry over the feature will be too low, and the residual (observed-predicted) will be negative. Conversely, if!ocaI compensation is assumed for the filter and, in fact, a particular feature is regionally compensated (e.g., a young seam0unt on old crust), then the prediction will be too high and the residual positive. Since residuals not due to obvious off-track feature location are low, the assumption of a linear, stationary, and isotropic response function seems justified for the region covered by this study [cf. Schwank and Lazarewicz, 1982 The corollary to this is that some a priori geologic constraints are necessary to predict bathymetry successfully. The relatively low geoid response in the Musician region, typically less than I m over the larger seamounts (Figure 2) , is near the minimum for the ocean basins and represents the least favorable condition for bathymetric prediction. A very different case would exist for young intraplate volcanoes, which represent recent loads on older rigid oceanic crust. By inspection of the models in Figure 3 and the predictions in Figure 6 it is apparent that the amplitude of the ocean surface response to a seamount load varies greatly with the effective flexural rigidity, which, in turn, varies with crustal age.
Geoid height anomalies for the case of recent loading on 01d crust can be 2 to 3 times higher for a given bathymetric anomaly of seamount dimension, relative to the Musician case. Clearly, geologic constraints or assumptions in a given area are necessary before reasonable bathymetric predictions can be made from the altimeter data. 
